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[|»*ih 6 ] ±ie^jD^* { o h ^ is* ivm ffifl t lx 
m<m^m i fm^m^m. 

1 o t/Hara&T Yfc ass i mmcvm&-jj 
it*** i **m&%LTFT&&mem93smm3;iT 

*t**« o . i **M%i2rFc* *m*m i 1 geftoi* 

[ if 1 6 j ±12^2- jt. %v ym^umw-t t m 


[^S<jH2 0] ±ie?fit<2tccoiaj!g*>\ ] 6Y;*>£>9 9r. 

<oiar* h mum i 7 3«<7)i^-£^i . 
[ 2 i j jjEiijEHKOjia- a*. 2 0 tc*»& 9 0 r 

OBIT* & mm 2 0 IHft*)|fe£ 

[ imm 2 3 ] ymmtffimmsi.-vh h mtm. 1 be 
c t«*Ji 2 4 ] J^a-^ft+o^-y^iRBe** iota- 

[ is*)?! 2 5 ] ±l2&1^-!fJjtOig^*>' 1 5 0 < CjJlTT*±. 

So 

1 mmi 2 s ] jjeas** 1 0 0 rjsiTT* & it 

2 7te«o^*^„ 

[ 2 9 j ±ibm«c^ . ±m^mi^mmco^ < 

[ a&frm 3 0 ] ±m^m^ 1 6 °C/j^ ^99 °CCOfflX*$> 

1 mxm 3 1 j _tiei£j!g# 2 0 *ca» 4, 9 0 ic«oBrc* 

[ IS*^ 3 2 ] iiBiSjg** 6 0t:K8 0 rco^-c* 
h MSJg 3 1 ffi««H^*tfe. 

*«2 7lE«OHi*irffi. 

[ nmm 3 7 j ±smmwitt t o h 5 ^^Mmsen t l 
v-f-n6««6»«,*j&»*»6Wfii.*ai*3H2 7ieis^ 

[M^fM3 9 ] ±KSSlra!fe*igfS?T'*^if^3 8^ 

t »*^4 0 ] ±Mm^(D±simfmco itm& 1 ^ 


3 

i m^m* 2 ] ±Mmfo*co±mmmcr>itm< o . 
i *^a*%jaT-casifcRJ5r4 1 scm^sm. 

St. ±IE*>^£* % ^/>St>'i*tEMt LTiK* 

im^m5 2 j iMstmL^nufi, aw*. ^ 
imxrn 57] § & iz . ijBjBf«*j s mm&zmm- 

[19*315 8] mfflRJ:^>?{;^tsig 


nm^ .1 1 - 2 .i 9926 

4 

i»£iH5 8iStt«llfe*^. 

t nmm 6 0 ] x«(, wmttmi 
is & , mmmt * v> t em&mrvn ? mmm 5 9 32 

[000 1] 

^(o^m^mscom^ijmzm-t^. ^mm. z^z 

20 [0002] 

[^5k-ws«r] i^ft, MmximMy~T3*xmcr>m«?t 
yn^xjL&nmizfibti h ^mMmmvymm. 
¥mimmzt$itz,m ti^iw-ot/fot ^ 

it. 0. 5i?D>syo. 2 5 S^o^T^x-tf-f 
«tXWai(-10"atoms/cm!, 

t -f- war ) * J rnt xo^jt »j \z-m*&mmixxz 
•t. ^fowmmfr^m&%Kh^mt&Mzi l t ± 

[0003] WttMU. i fMWfOx-yN^iif^fe^ 
40 MfOltiteto (SPM) 0ttm*-&tt. LfrL. SPM 

[0004] timp5m<7)mcr>%&_mi^ mmtftz: i C7 

50 S^fflS^T-o^r^yPt^^Mx^xhvx^fcTSJK 


5 

&%.mi±. s i 0>±rmz mmm&jmu 
s i t s i 02ia«ax^f-v^ass?tt$-iJtA.-r. stx 

X -y * V^fjL Uz/Xht # 'J V-#«®Hjl±£ilija» 

O 2X&H 2 t*trftflc#7/M-n#-jK>^y t?-^ 
SV5-*Mt-T&^ («ffl^5,279,77 1^ 

am t Mmmtm 5,308,74 > # j; < 

Xv, s p m ) X«aHBEaWI(c«^< Mrn-bx^ 

[00 0 5] 

<mhnx^%. zt>iz*yxr>m&.tLx. "mm* 
/XliUfccomcomma (h 2 o n C02. o 2 ) &&st 

&*Y>#mm 1 co&imt lx. 

ISJ«fH>3rlKWi. ^ 1 <WiftMV>± o 5rf&2 OKfHH* 
J: 9 >#>\ hi<0 ®t®.T&%: < H OH5 
ti\ H2O2) ^jn. ^W?Jfoi3&^fcfc^ 

*yyJSaoflj?BWPffl(£j:0, WIS 

* £s§gg-r § .i t awe* s . 

[0006] jffi*^ *V>-t4> •fa&ViftftdWx.fc:* 5 
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6 

MzffiM t * *> III 24HW*H(iSvflifc*:s ft * *s&- 

tit<Taf<**. aa^w^isj^. xvyimmcom 

±Mt LTOH^^/l^'Ji&S-ii;*. G . Alder 
tti. Hi 1 1 (J. Am. Chem. Soc. 195 
0.72(1984))) tzitltt. £*Ui*Wfo«0# 

[0007] *mtffim5, 464,48 O^&fM, ^ 

m^^-^^mm^m^-i-^m^m^Lx^ 
Ttr<. jaf»t«aes- 1 -c^fe 1 5*c«oHt«ft-ai* 

20 [0008] BWfclfai«lEP-A-0548596^ 
*y ^«c*»t U/; 3l!!a3rC#««!®KX«^#tf5^ 

[0009] *ffl^|t^5 . 181,98 5^^fg{4. 
30 fcifitLTt**. -e#itJ:*ifcr. 1 oXti-e*U3Lho« 

<>zftmL?zmfc(vw®x'iy3i;s-m:ffi±.x'5im-tz > . % 
z.T&h* m^^t^-tt^oizmm^t^mz 

40 itS. 

[00 10]*ffl|^5,503,708^Ill W 

r/P=j-;pt % *yyf«fcx«j:*y>##m#<moi: 

[0011] #WBa6 1-00423 2#^$g{±, i&f 
0 fSfcfcVvc, ^l/3^^xy\-J:«ofcM|o»cfc:ffl»,^ 


7 

m^mmm^mmcom^ ^mmizmmztu * y>xf± 
wmi}m&&ffl.n ? i>z^y^(r,m^^mm^ti 

AJHM^i±. fofflfil 0 Qfrt> 1 5 O'CcvmztcZ, 

jfmt^/yizi: ^fimmmmz^m 

»L<tt. 3^tfcg«t 

[00 13] 

h^yf (wet b e n c h e s ) . ^-y-fe/P ( v e 
s s e 1 s ) „ X71^-7nt -y^T— (spray p 
rocessors) , ( s p i n n 

i n g tools), v>7fV9V9 (single 

tank) , j^^/I^xvv- ? U— ^>-^'y— ^ 
(single wafer cleaning to 

o 1 s ) ^t'eojta^/e^n^tfi.?,,, ^miom 

ffiJi. ¥mftmfcZ?>7a)WzU&-t2>jMt. 

s. 

[0014] Migffflfi, M^MXimnmntftfHzXZ 
JJBJ6JHWHL OH7 v-'^/P^JItgS'Ji: LTffiK C t j&s 

lo^we^s-^rr*. Jtssw^wi: t-cii. gnu 

(CHsCOOH) . BNKtS (CH3COO ) „ |£KJ& E 


< 5) ftBfll-219926 

8 

(h,coj-(2-«)) , u>-Baa (H 3 po4-< 3 -«) ) 

[00 15] *3fci|J«Dffi3«9JBKte*svvcii. y'Jay 

&i&it-r& mi) -*v vh ~mm* t cou^Mim 

xs2 : mim*mi-t&. 

[001.6] jar«!o±iets=5r*^Rigt fflv^ c: t 

IS 2 : BMfcfll^ ig^^-#-r^X(±^-#L=3:U# 
20 Xig3 (^SKciBtT) :«*WS^IflB*f3hfcU** 

XS4 : v^^Swfejixfiyyny^xA- coin 

Sfcfcfr 3(ej*lCfc is*) ^>">X^- . 

V ^y-zut if A. »9> S M^H^^ >7£m^X't? 
[0017] *«B8(i, IMRI9Kffl(7)^u 3 V^xys- 

[00 18] 

^^wwssftwtBfes^&^iefcRM-i. xie^i±, 

[0019] <««ra*xt*ftRfc-rs* 1 0»4 L 

^y>-&t/jf!fiSUi:LT»<m&Dll^-i-tf«#:il 

0 ^Jtsw-rsidic. ^^<o+t»wi*. Mieaij 


9 

fimz-moztiz, v»mx°& h . mm* . oh?^ ,v 

ffiffl?ltLT±lzm<„ moo/Mi. #fr#>mxiiijy 

[00 20] MttM^fe^WS^flij^wM^ti. # 
a L < ttSMf&g-fto 1 0 t;Hl%HTt*^„ iffc 

[0021] jnflca-^Hrti, mm. r^yxi± 

mcommis&n i 5 owft*> o . 

[0022] *K^&mimmx'm<'-_£&££A,z' 
taw mmzm^mmi±. mx>*frt>%&zt 

[ 0 0 2 3 ] L<Ji. *saBBlBfcrij^Tt±, 
tl&. i&flcte. ft±L<iil 6 9 9°C<7>mBX\ 

4>ti0ff4L<wt s 6 0-0*^8 o-ccofgrsmsij^ 
[0024] ^jg^-y-^fflrD-fcxtife^sn^iiB 

6. M£L<JJ. K*«Eg«3 l/mi n^'ffl^fi. 

u afictiiLTjaew^w^'cyij^s-ii-ii 


*HB¥ 1 1-2 1 9926 
1 0 

^*(i»ircSEttt:-r5 (.1/10 Ofam.it) . ^xvs 

[ 0 o 2 5 ] i *_\ PK*«JBJos/ut3Ke* ( p H i tJl 
T\ * L <(± 1 6 MgftKfr 1 0 of&a»»* ) xm 
»*■ jfiftl Lst^S* ( p H 1 . 5 «T\ Jf * L «i 1 6 
Mfl» 1 0 OfiJfcaw>* ) S-ft-trWaLfesaSSWfc: 

<CXU:8 Ott l 0^H«s<i<& . 

[ o o 2 6 j § tt, ajg-rs s otl i o^eicojBffi 

v^9o°c. i o-mcommfT.mtcr>m^t>it^ 

ts i ottm<r)ffi$xm£fi->xi>&i,\ 

[0027] <mm-ru^x^n^t-thm2ffMt t 

^-y>^'ifKmi: i-xm<mi3umbcoig.sm^ 

S0W±. ffiKO^fci Sift L< =Sr^»#*HSSt- Sfc 
H^^/UOMJBWfc LTi<. 

[0028] mwm. *r/u#ymxi± >®xi±zti 
<{±. mmzimz>mm<7)ffl-&i^ s*«o.5t;p 

aM%«-pc*4. $A>t»*L<tt v 

WomM&lt. ffifacr, o . l ^ivmMXWFX'h h m 

6 9 9t^)IB-C*4. S^mUil 2 0tt90 
TC«RTr*«. $tfcML<li. 6 0-Ci:8 0-CcofS 

[0030] *y ^«^3&ONW(«fc«iW-* ± 3 
[0032] ^JI^JBlfcfe^T . »t L< ti. UJiri) 

*»»fcWBir^ft.a. ^irent^^tis^-y-^ 


.1 1 

mm>- v *frt>to3L.ztL. *v>-%£« ( vim*/* > 

*aafc&«PHS*L&. L<ti. 3 1/mi ntf) 

[0033] wm/^vy<7)fn,i&tfm~mzmfiri ¥ 

Bf^JgUg^-0*^ 1 1 ^ 5raol/l (0. 0.1 
ml (0.46rnmo 1 /l ) .. l.Ornl ( 2 . 3 in o 
1 / I ) . RU'5 . 0ml (11.5nmol/|))« 

[ 0 0 3 4 ] S 6 tffi L< ii. *M©Wfc jJlflcK^^ 
to^tt=MW**&*fc¥ia*?X7\-^Hfc £5: 

TSS. -f-co i o tcK£M$&<F>ty\t LX (i. F. s. 

I. S EM I TOOLf U STE AG^ftfc J; ») 

i t . i^sfc/e tT&tasi-rs ?xy a 
[0035] ^xM-ijjf£<oiiarfctj^T. Hit*® 

[0036] ^teeatcfflv^x^esfc few: w*. 

[0037] ^«c««5aa^^Oj|Si: LTti. « 
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1 2 

mm t if t, ^h-m^miWkmkth / x^na x 
[0038] r t tmmizii^ ^^^y&ffiwtfzwim. 

«Lttf>#5* L < ^WM<7)±lzmm-i h . ZZX\ *Y 
10 ffl^f*£^aw^;:i*&U *y>iiWt*Bf^iWK:V^ 

» a l < =sr c mmtfrnmiz-ftii l t u s ^mtkmmz ei 
tes-g-s zttz**), &'btix¥mtmwLt<o>>m®cD 

[0039] 

20 [^M^i] *wncD2-*vit{i.L\,^&mizffl 

4. 

<i6ffli : v i A^>*#KBco^r^i % 77X7x7 

f^/isa. m:-9-y s ^n^xg^xywijE^e 

W^MV 3& S T& & . y'J^ ^ZX^O-fb^cO K 

S i Oi-s i3RtctJtt4Xyf->-^ 

fcv SitSi O 2 £0^«X>y^->-^ii|^ff^^$^ 

Ji«iif*»6l»*S#i«:<T{i55r6J3rir». fcL. ^fc^M 

yo-txttji^Tti, y;^a^— /-Jf^-KUv— <7)^ 

XBmmS5 2 7 9 7 7 1 
0 *I1^SI 5 3 0 8 7 4 5 ^4MRt=SES««T S > 


( 

1 3 

10 04 1] hi fcH2{±, P g?>>xy\-i izmmtsti 

fcH** v I AiWfflfiiist. SI 1 «o«JgHL 5 0 0 

nmevmWfaM. 3 0/8 0 nniCDT i/T i NJI. 7 0 
0 n rr.OA 1 SiCul, 2 0/6 0 n m<r>T i /T i 
N. 2 5 0 n tnayfMtVm^ 4 0 0 nm«SOG > 5 00 

S52f)ffi}S{i. J^TRO. 5 00nmOgKt;%. 3 0 1 
/8 0 n mffiT i/T i N, 7 0 0 n mCOA 1 S i C u 
2 0/6 0 n m«T i /T i Nfttf5 0 0 n rnCOSM:^ 
( * tz is V a ^tmtH&gfrttlfabz ) «f £ . 

3*U lSf20.4^0.8,(zmO:7>^? h«h-/P£|S 

C F 4 /C H F 3 7-5X74itX 7 f . >>x 

^-WftttWrgfc VI Aflfig(i5 0 0 nm^-ft 

tt/4 0 0 n m S O G/ 2 5 0 n mlgflS!|tr£ jf LlX'yf 
>m,TiTiN/AI «*>±Yibi •£>. 3^2<7)X a 
gfcLT. VIAamMi500nm|WkttJI^ilL % T 
i T i N/A 1 I^itxyfy^^, ^n- 

JO 0 4 2] ^OJEfflCfflV^ft&JSKaft^ 

yyatM^mm-t^ iz+^M^Hiff^x'mt^ti 

K»»S[H:3 1 /m i nTtftft^ftS. HS*« 

tit {m&tfm&L^koiz) . 
mrmmzztiz (i/ioo#^it) . -t^xiza^ 

X. ?xv\~fcjti 0^M§^, KwcK-fsj-Vjie+T 40 
1 0^S*itll.. 

[004 3]i)|ii$|i s SEMfi (0.6//mcOV 
[ 0 0 4 4 ] 04 (i, ftftXiaffl (ThSrfc^ Py'x h 

fc«sojjf u v-tso-c^sttn) ov i Ajfjg da 

1 ) «SEM^$t. 05(2. 01OV I AflijI£- 
45#|Sl£S-CK5MX^■;.y:7■•(dry stri 
p) Litl^S EM^ES-Jfrr. 0 It 02 <7>ffim. Sri 50 


S ' «rBS¥ 1 1 -21 992 6 

1 4 

[004534 5^w|»*t:J:s h' ^x N u . y r«i 

aa. mmox v v- ^ 9 t ^ h - fc 
mmmt>tiK (mgri/d . mv&mizto^xi*. 

>- 1 i & muhmv . wm*iRV{mmz\&.m s *ut Jt 

C0046] <iCffl 2 : MSNfe>J^^«fc: s p 

^mvi&mcom£®mz&w$:-$-z_z> . i<osw<o3t 

^. M^*a»**i|¥0$ixs . ^xy\-{i^>; ( j s 
^i?IX5 00e 1 ) S^M(Sh i p 1 eyggUV 
NF) l/y*Xht3-h$n4. l^^XNTa^^ 
«WfflrtP^N**<-t4jt* s DUVt 

ftA^tl^^xyN- ( 5 e 1 3 a t/c m 2 P ) 36% 
[00473 5GSKIIfc^S*L, SIO^^jtEffl^ffl 

^^^s^yvwifciKfflgafli^ a. ast 
imm±. 4 5°cx'h&. ^/'ymmmm^jAiP' 

wzmmztiz. znmzLx. mm/Ttvyntm 

K-Y*y*7 1 ^<7)*<?)B^^jDi./c?S, 0. 0.1 
ml (0.46mmol/l), 1.0ml (2.3mm 
o 1/1 ) #1X5. 0ml (11. 5mmol/l)£ 

m^x*yym&titiz>. a ^y^K^titz^^s- 

ti. OXIil l.Smmol/lwfii)!/^^^ 
X. *Y>ffifr-£1X&. 

[0048] J *y&A2tltzUiSxh<7)M-&. &#>^ 
titemn&MZmMt S ; fc £ J: 19 , R^Hr^Sj^Ki 5 0 
% (6 0nm/mi nj^9 0nra/mi n) WXT?Z>„ 

J*y&xztiKui;xb<7)&m^ m9tz^t. ask 


(9) 


1 5 
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j^isi-utiaaa&^HWi. ^tju^x b -mo . 

1 . 2 nm/ (m i n*p pm) . ,1? i/Vi^x bX'iiA . 5 
8 . 5 n in/ ( m i n * P p rri ) 4rC*4 . Xi?R 

[0049] <j£ffl 3 MB*>JJEfc3&^^ % 10 

><0Sttf&{c}gM£ o £ . <r ycof iMtt 


1 6 


fcS-B-jfc) l± s iHS«o3»ll*«pHfc:J:4<,«or*S*»if 

H^> f ;&/P£fS±$-g-* - umpteen*). JBJuL 
fc. m&nst±. o. o.i , xtto.2m i (^lar-y^ 
i7^H«. 30%) x°h&. mm (^-/j-wmm 

ffl, 9 996) Ojfiflnaut, K-f ^>-tJ<7 1 to. 0.5 

^s>m&i±mi&zm-i-f&msLmT'a>'bv-iv< 

Lfc. ffil^aS»± % 31/rain. SV^Saitt5 1 /m 

RS/-/-i X^f/S— (Discover)^, SlilfeEg 

wwro^fetfflv^nj. ;ft« s g/haa^fc-a: 
* xvwes-^^ . fsuBtf&&mm&m\. ^x m>ti& . 

[0050] 


ml 

ml 

5 pH 

flow 

I ffiK 

** r V ^ y\. \ 

nm/min 

14 U V X 

nm/mxn 

ppm 

1 

0 

5 

hi 

40 

51.2 

7.36 

18.2 

1 

0.2 

2 

lo 

21 

34.8 

3.11 

54.6 

1 

0.1 

5 

hi 

40 

40.1 

5.97 

17.2 

1 

0 

5 

lo 

21 

36.9 

2.60 

52.6 

0 

0.2 

2 

lo 

40 

19.3 

0.02 

14.5 

1 

0 

2 

hi 

21 

36.1 

2.73 

44.8 

0 

0.2 

5 

lo 

21 

3 .4 

0.39 

14.7 

0.5 

0 

5 

hi 

40 

36.3 

5.91 

17.1 

0 

0.2 

5 

hi 

40 

4.6 

1.32 

5.7 

1 

0.2 

5 

lo 

40 

31.9 

5.98 

17.9 

0 

0 

2 

lo 

21 

33.1 

1.46 

47.6 

0 

0.2 

2 

hi 

21 

26.8 

1.96 

37,9 

0 

0 

5 

hi 

21 

27.0 

2.58 

39.8 

0 

0.1 

2 

hi 

40 

20.7 

2.62 

11,4 

0 

0 

2 

hi 

40 

31,6 

3,34 

15.6 

1 

0.2 

5 

hi 

21 

31.4 

2.85 

44.7 

1 

0.2 

2 

hi 

40 

55.9 

3.78 

15.9 

1 

0 

2 

lo 

40 

41.8 

3 .96 

17,7 

0.5 

0.1 

5 

hi 

21 

36.6 

3 .26 

42,4 

0.5 

0.2 

S 

lo 

40 

37.0 

2.93 

15.1 

0.5 

0.2 

2 

hi 

40 

47.3 

3.22 

14.4 

0 

0 

5 

lo 

40 

11.9 

1.24 

13.6 

1 

O.l 

2 

lo 

21 

34.4 

1.S9 

49.9 


[00 5 i ] XiSWXbomitoX*. Bl OfcHl *5D*lt*W, *#^Xh»*«iMfcH«C**. 


( 1 

1 7 

( 0 ipt> 7 I5u\ ) lZ± h h coX'Jb *) . p H 

20 0m 1 ) (ZZQW&rtl. ;«^-5 7*>4>ag{ife 

0^-*3at'C^$^ (-t&b-h* nm/ (m i n* 
ppm) ) . £Lh<oJ:3fc:W6*LfcJiBlSW%t4. ^ 

NT'O . 2 h 4 n m (mi n*p p m ) COfSI, 
VJX I- TO. 0 3H0.4 nm/ (mi n*p Pm ) CO 

yymx&vw&tojjw'^ mmmmzm^^m 20 

[00 52] <j£ffl4 : l^\X h Bfc*> *%HJ^:^CO 

s. *v'>w®Ltzmmzm-&±*%mm±. ^mpi 

*\ i fc*y >-ii^i&JK^r ZnltoD' f 5 ^ - 9 h 

m^imzmmttc msizaitf^mmm.. ua»ua 

^ 1 2 p p m, ffiJK(±2 0 , 4 5-£ LT 7 CC^T'^ 

fts-fr*. ttsfc, stwwrc <-«r*>t., ^-yy^jM 

*ati. ^yviijg^i«<-rsi:inF±^-5^ < t^* i 

[oo53] mmizm?z>*yymgz. mitij&vmf 
»± . mm^mizm txmxiz-rz ; t s . 

*BI^IB54 64480^|g^^§^ ; ti^ 7 - so 
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1 8 

tt-trxii. ^y>-«^ft?it^ttJnS^-?»^. &I$£T 
=5:^4. RJBttAHIfFL. iKJfca^'Sv^tf). ^UMmf 

tutrn-fc^tt, fNKaStCtJUT, ^V'V^^flTi^; 

fcihs^fc^gfu^-A^x-^.^ ^coisui^. H2 at/ 

<T)*7XJ\- (1.2nm) #U 0#[??L l^lr^^ait 

r (sea) . x(48 0"c (stffl) T«satis§*i.s. tg 

*S:01 3Kf„ ^^^tw^-y^jg (^^^ 
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(57)[SUMMARY] 


mm] 

¥Wfcmmm\m 6 & e> 5 
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< ^Dti t frb ft S&ttiR-a-to 


[SUBJECT] 

The method of removing organic contaminants, 
such as the photoresist, the resist residue, the 
dry etching residue, etc. which are formed in all 
the processes based on semiconductor 
substrate preparation, from the semiconductor 
substrate surface is provided. 


[SOLUTION] 

A semiconductor substrate is put in a tank and 
the tank is filled with a liquid or the fluid like a 
gas. 

In the gaseous phase process using a gas, 
the gaseous mixture which consists of the 
additive which works as water vapour, ozone, 
and a scavengerj s use d. ~~ 

In the liquid phase process using a liquid, it 
maintains at the temperature less than the 
boiling point of a liquid using the liquid mixture 
which consists of the additive which works as 
water, ozone, and a scavenger. 



01/11/27 


4/65 


(C) DERWENT 


JP11-219926-A 


DERWENT 
* 


THOMSON SCIENTIFIC 


[CLAIMS] 


[If#*l2] 
[If #11 3 ] 

$ futmfr & * sit 3jsK i 

[If#*l4] 

& -r z> it # ^ 3 1 a m <d m * 

fee 

[If #31 5] 

*^-fe„ 

[If jfrme] 

±&Wtoto ^OH7 /Pffiffi 
#J t L-cib < If #11 1 1B*0>|& 

[If #11 7 ] 


[CLAIM 1] 

The process which holds a semiconductor 
substrate in a tank. 

And, the process which fills an above tank 
with the gaseous mixture which consists of the 
additive which works as water vapour, ozone, 
and a scavenger The removal method of the 
organic contaminant from the semiconductor 
substrate surface containing an above. 

[CLAIM 2] 

Furthermore, the removal method of the Claim 1 
containing the process which adds the gas 
chosen out of the group which becomes an 
above mixture from oxygen, nitrogen, and 
argon. 

[CLAIM 3] 

The removal method of the Claim 1 when an 
above organic contaminant covers the at least 
one part of an above semiconductor substrate 
and which it becomes from the constrained 
layer. 

[CLAIM 4] 

The removal method of Claim 3 that the layer by 
which the above constraint was carried out has 
the thickness of the range of 1 urn from a less 
than unimolecular layer. 

[CLAIM 5] 

The removal method of Claim 1 which an above 
gaseous mixture contacts with an above 
semiconductor substrate. 

[CLAIM 6] 

The removal method of the Claim 1 which an 
above additive commits as an OH radical 
scavenger. 

[CLAIM 7] 

The removal method of Claim 1 that an above 
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y&&&Z:1nb<D&fabt£&& additive is chosen out of the group which 
^ilte'tLSfi^rf 1 iBtt©Bfc consists of a carboxylic acid, phosphoric acid, 
£jjfe 0 and their salts. 

[ ft^il 8] [CLAIM 8] 

i:l2^M^i^T*fc5It;fciI The removal method of Claim 7 an above 
7 iBtt©Bfe**j5fe 0 additive is acetic acid. 

lft*S9] [CLAIM 9] 

±IEi5^iS^4S>^*3tt5±i5SS The removal method of Claim 1 the ratio of the 

1W$)<D}k^-t)i i o ^/i^fi4%J^ above additive in an above gaseous mixture is 

T-Cifc5»3K« 1 iEtt©^**- 10 m olweight% or less. 

&, 

[ff^lOj [CLAIM 10] 

J:f£^ffc?l^#! 5 ±fB$s Tr) e removal method of Claim 9 description the 

1my}(Dit^tf 1 J E-/i^fii%^T ratio of tne abov e additive in an above gaseous 

"Cfc5§ff3ftJg9iE«©|Jfe*;fr mixture is 1 molweight% or less. 

fee 

[ft 1 1 ] [CLAIM 11] 

±.B%fcUi^y>)\z.$5 (t 5 ±fE$s The removal method of Claim 1 0 description the 

MfyKDtt^fr 0 . 5 ^j^MM% ratio of tne abov e additive in an above gaseous 

WT-Cfc SfSsftJg 1 0 tm<D$k mixture is °- 5 molweight% or less. 

[ft 1 2 ] [CLAIM 12] 

±12^$:^-^ \z$s ft 5 ±§B$s The removal method of Claim 1 1 description the 

Mfy)<Dit^fr 0 . 1 ratio of the above additive in an above gaseous 

£XTX°hZ>m$:m 1 1 tm<Df& mixtur e 's 0.1 molweight% or less. 

[ft 1 3 ] [CLAIM 13] 

^?^T'±fe^^fls:Ste Furthermore, the removal method of the Claim 1 

SriSCIIISr-gtrijtsfcJgiiEic containing the process which rinses an above 

<£>B&*;frj£ 0 semiconductor substrate with a solution. 

[S*S14] [CLAIM 14] 

±i2SClSK:fflv>3$gi0c#5|fc The removal method of Claim 1 3 description the 

4 lr ^tKT' h 5 ft**! 1 3 fBic solution used for the process rinsed the account 

Offish fife, of a t0 P is a deionised water. 

IftJfcJll 5] [CLAIM 15] 
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[ft^Jl 1 6 ] 


Furthermore, the removal method of the Claim 
14 description containing at least one solution 
with which the above solution was chosen out of 
the group which consists of hydrochloric acid, a 
hydrofluoric acid, nitric acid, carbon dioxide, 
and ozone. 

[CLAIM 16] 

The removal method of the Claim 14 description 
which carries out the megason ultrasonic wave 
stir of the above solution. 


1 7 ] 

H<t, ±fE^ft£;»ih5ia 

t z^mmm 1 lEic^i^*^ 

*fco 

[8»*gl 8] 


[CLAIM 17] 

Furthermore, the process with which the liquid 
which becomes an above tank from water and 
an above additive is filled so that the liquid level 
in an above tank may become the bottom of an 
above semiconductor substrate. 

And the process heat an above liquid. The 
removal method of the Claim 1 containing an 
above. 

[CLAIM 18] 

The removal method of the Claim 1 7 description 
containing the process which fills an above tank 
with ozone. 


[ftJft^ 1 9 ] [CLAIM 19] 

Jr^f^%:±MW.fo\?L/ < >~7 Vis? The removal method of the Claim 18 description 

i~<51f;£ill 8fHicCO^^^" which carries out bubbling of ozone to an above 

fe 0 ~ lk * uid - 

[»JftJS2 0] [CLAIM 20] 

±XtMfc<DffiSH$* 1 6 °Cfr h Tne removal method of Claim 17 description the 

9 9 XKDffiX'fo&W&tM. 1 7 IE ten Wature of an above liquid is between 16 to 

ML<D&£Jj& 0 ~ 99 degree C. 

[ft*i2l] [CLAIM 21] 

±FEli£#WMS#\ 2 0 °Cfa h Tne removal method of Claim 20 description the 

9 0 °C<DfH\T*fo Sitjjfg 2 0 IE temperature of an above liquid is between 20 to 

wtwbttm. ' 90 degree c - 


[IS*«2 2] 


[CLAIM 22] 

6 0 °Ct!>* h Tn © removal method of Claim 21 description the 
temperature of an above liquid is between 60 to 
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8 0 °C (D m T- h 5 If 2 1 IB 80 degree C. 


m^M2 3] 

[SMfcl2 5 ] 
±iEiS£&©iif£i&S 1 5 0°CJ^ 


[CLAIM 23] 

The removal method of Claim 1 water vapour is 
a saturated steam. 


[CLAIM 24] 

The removal method of Claim 1 the 
concentration in an above mixture 
molweight% or less. 


ozone 
is 10 


[CLAIM 25] 

The removal method of the Claim 1 at 150 
degree C or less with the temperature of an 
above mixture and higher than the temperature 
of an above semiconductor substrate. 


[fS*^2 6] [CLAIM 26] 

ifB^^ftS^^v-y =t>-$^ The removal method of Claim 1 an above 
^— "CfoSif jfcJS 1 |Bicc£>|&£ semiconductor substrate is a silicon wafer. 


[m^2 7] 

xm< ii)pfe^ttfW^i» 

[ff*Jg2 8] 

_h!EM^ i o ot&iTtfes 

if 5^11 2 7|H«<Z?l»*^fe 0 
[If^if 2 9] 

£ k>T-f!i|i^*»-f 5sf * 
927 fB«c<7)^*^fe 0 


[»*«3 0] 


[CLAIM 27] 

It is a contacting process the liquid of a 
semiconductor substrate which contains in one 
side at least water, ozone, and the additive 
which works as scavenger. 

And, the removal method of the organic 
contaminant from the semiconductor substrate 
surface which consists of the process which 
maintains an above liquid at the temperature 
less than the boiling point. 

[CLAIM 28] 

The removal method of Claim 27 description 
above temperature is 100 degree C or less. 

[CLAIM 29] 

The removal method of the Claim 27 description 
which sprays an above liquid at least one side 
of an above semiconductor substrate. 

[CLAIM 30] 

The removal method of Claim 27 description 
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-hgEfJUS:^ i 6 "C^b 9 9°C(D above temperature is between 16 to 99 degree 

[8**13 1] [CLAIM 31] 

±.sZU&&2 0°Cfrtb>9 Q°C<D The removal method of Claim 30 description 

f?f|-e&>5li ^xi 3 0 fEtt above temperature is between 20 to 90 degree 

[!i:*rg3 2] [CLAIM 32] 

_hfE®j£;^6 0X:frh8 0°C<D The removal method of Claim 31 description 

^-efe5lt^Jl 3 l !2it<7)B&£ above temperature is between 60 to 80 degree 

c - 

[flt*f3 3] [CLAIM 33] 

±.txtMW £ ^ # V Vj^Stjff^ The removal method of the Claim 27 description 

1"6ff^il2 7 IE ic which carries out the megason ultrasonic wave 

fe a sti r of the a bove liq u id . 


[3*#JI3 4] 


[CLAIM 34] 

The removal method of the Claim 27 description 
which carries out bubbling of ozone to an above 
liquid. 
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[CLAIM 35] 

The removal method of Claim 27 description 
that an above organic contaminant consists of 
the constrained layer which covers the at least 
one part of an above semiconductor substrate. 

[CLAIM 36] 

The layer by which the above constraint was 
carried out has the thickness of the range of 1 
mm less than from a unimolecular layer. 

A removal method of Claim 35 description 
characterised by the above-mentioned. 

[CLAIM 37] 

The removal method of the Claim 27 description 
which an above additive commits as an OH 
radical scavenger. 


[ffjfcgc3 8] 


[CLAIM 38] 

The removal method of Claim 27 description 
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that an above additive is chosen out of the 
group which consists of a carboxylic acid, 
phosphoric acid, and their salts. 
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[CLAIM 39] 

The removal method of Claim 38 description an 
above additive is acetic acid. 

[CLAIM 40] 

The removal method of Claim 27 description the 
ratio of the above additive in an above liquid is 1 
molweight% or less. 

[CLAIM 41] 

The removal method of Claim 40 description the 
ratio of the above additive in an above liquid is 
0.5 molweight% or less. 

[CLAIM 42] 

The removal method of Claim 41 description the 
ratio of the above additive in an above liquid is 
0.1 molweight% or less. 

[CLAIM 43] 

The removal method of Claim 27 description 
which the bubble of ozone contacts to an above 
organic contaminant. 


[§*#^4 4l [CLAIM 44], 

£ hK, ±U¥^fo&U$:fe']& Furthermore, the removal method of the Claim 
"CffiCl&£'gtf8&J&B2 7fE 27 descr 'P tion containing the process which 
ffitDffi^jjfe,, rinses an above semiconductor substrate with a 

solution. 


IR4 5] [CLAIM 45] 

±.fZM Clgfc/B V ^5^f&^jjft The removal method of Claim 44 description the 
-l'^->'7K"efc5ff3ftil4 4ffiic soluti °n used for the process rinsed above- 


mentioned is a deionised water. 


[»M4 6] [CLAIM 46] 

£ E>fc: % ±IEi§iKtf s , igfifcx 7 Furthermore, the removal method of the Claim 
yi, flgg£ N ~ WA\$<MJkTJif 45 descri P tion containing at least one solution 

with which the above solution was chosen out of 
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the group which consists of hydrochloric acid, a 
hydrofluoric acid, nitric acid, carbon dioxide, 
and ozone. 

[CLAIM 47] 

The removal method of the Claim 44 description 
which carries out the megason ultrasonic wave 
stir of the above solution. 


[ff^il4 8] 
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[CLAIM 48] 

The removal method of Claim 27 description an 
above semiconductor substrate is a silicon 
wafer. 


[CLAIM 49] 

The process which holds a semiconductor 
substrate in a tank. 

And, the process which fills an above tank 
with the fluid which consists of water, ozone, 
and the additive which works as scavenger It is 
the removal method of the organic contaminant 
from the semiconductor substrate surface 
containing an above, comprised such that the 
removal method of the organic contaminant 
from the semiconductor substrate surface the 
ratio of the above additive in an above fluid is 1 
molweight% or less. 

[CLAIM 50] 

The removal method of the Claim 27 description 
of an above semiconductor substrate which 
makes the fog of an above liquid contact one 
side at least. 

[CLAIM 51] 

The process which holds a semiconductor 
substrate in a tank. 

And, the process which an above tank is filled 
with the fluid mixture which consists of water 
and ozone, and grows up an oxide into the 
above semiconductor substrate surface. 

And, the process which removes an oxide. 

And, the process which dries a silicon wafer 
The removal method of the organic contaminant 
from the semiconductor substrate surface which 
consists of an above. 
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[CLAIM 52] 

The removal method of the Claim 51 description 
containing the at least one as which the above 
fluid mixture was chosen out of the group which 
consists of a gas, a liquid, water vapour, steam, 
and their mixtures. 


[CLAIM 53] 

Furthermore, the removal method of the Claim 
51 description containing the process which 
grows up an insulated oxide layer thin on an 
above wafer before the process which dries an 
above wafer. 


[CLAIM 54] 

The removal method of the Claim 53 description 
which performs the process which grows up an 
above-mentioned thin insulated oxide layer, in 
the mixture of the diluted hydrochloric acid and 
ozone. 

[CLAIM 55] 

The removal method of the Claim 51 description 
performed in the diluted hydrofluoric acid 
solution which contains additives, such as 
hydrochloric acid, or does not contain the 
process which removes an above oxide. 

[CLAIM 56] 

Furthermore, the removal method of Claim 51 
description that an above fluid mixture contains 
the additive which works as a scavenger. 

[CLAIM 57] 

Furthermore, the removal method of the Claim 
56 description containing at least one acid with 
which the above solution was chosen out of the 
group which consists of acetic acid and nitric 
acid. 


[fif^Jl5 8] 


[CLAIM 58] 

^{d{fcfH-5 The process which holds a semiconductor 
substrate on a tank. 
And, the process which an above tank is filled 
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with the gaseous mixture which consists of the 
mixture of water and ozone, and grows up an 
oxide on an above semiconductor substrate. 

And, the process which removes an above 
oxide. 

And, the process which dries an above 
semiconductor substrate. The removal method 
of the organic contaminant from the 
semiconductor substrate surface which consists 
of an above. 

[CLAIM 59] 

Furthermore, the removal method of the Claim 
58 description which grows up a thin insulated 
oxide layer on an above semiconductor 
substrate before drying an above 
semiconductor substrate. 

[CLAIM 60] 

The removal method of the Claim 59 description 
which performs the process which grows up an 
above-mentioned thin insulated oxide layer, in 
the mixture of the diluted hydrochloric acid and 
ozone. 

[CLAIM 61] 

The removal method of the Claim 58 description 
performed in the diluted hydrofluoric acid 
solution which contains additives, such as the 
diluted hydrochloric acid, or does not contain an 
above-mentioned thin insulated oxide layer. 

[DETAILED DESCRIPTION OF INVENTION] 


[0 0 0 1] 


[0001] 
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[TECHNICAL FIELD] 

This invention relates to the removal method of 
the organic contaminant from the 
semiconductor substrate surface. 

This invention relates to use of the method of 
this invention with respect to many application 
of several the continuous washing processes or 
VIA etchings, the washing after the other 
etching process, etc. further. 
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[PRIOR ART] 

The preparation on the surface of a 
semiconductor substrate performed before 
various process processes, such as oxidation, 
deposition, or a growth process, has become 
one of the most important problems in a 
semiconductor technique. 

With rapid propagation of a design rule (0.5 
microns and 0.25 microns or less), Micro 
particle and low level contamination or the 
impurities (-1010atoms/cm2, and less than it) 
influences seriously for the ratio of a process. 

There are a metal impurity, a particle, and an 
organic substance in the contaminant which it 
should remove from the semiconductor 
substrate surface. 

The method usually used for reducing the 
contamination level of the foreign material on 
the surface of a semiconductor substrate is the 
method of immersing a wafer to a chemical 
solution. 


[0003] 

An organic substance is one of the 
contaminants which it must remove from the 
surface of a semiconductor wafer. 

In a pre-washing step, in order that the 
absorbed organic molecule may prevent a 
contact with the wafer surface and the chemical 
for washing, it becomes the cause of an 
unhomogeneous etching or the 
unhomogeneous washing on the surface of a 
wafer. 

Since to realize the wafer surface without 
contamination, it must remove organic 
impurities before the other wafer washing 
process. 

The conventional wet washing process 
contains use of the sulfuric acid peroxide 
mixture (SPM) for removing an organic 
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However, SPM needs to use an expensive 
chemical and needs to use it at high 
temperature. 

Moreover the problem of a chemistry waste 
treatment is caused. 

[0004] 

The other source of release of organic 
contamination occurs also in the flow of 
standard IC process. 

As the example, there is a residue of the 
photoresist layer which deposits on a 
semiconductor substrate, or a fluorocarbon 
polymer. 

The residue of a fluorocarbon polymer can do 
a semiconductor (silicone) semiconductor 
substrate, when carrying out dry oxide etching 
process. 

By the oxide etching using a usual fluorocarbon 
gas Since to increase the selectivity of a vertical 
side wall profile, a photoresist mask, and the 
etching with respect to a sublayer film, a 
polymer is made to form intentionally. 
The etching selectivity which can set a Si02-Si 
type is attained on specific process conditions 
through formation of the polymer which make a 
fluorocarbon a base. 

Polymerisation reaction tends to occur on Si 
and a protection film is formed. 

The etching selectivity between Si and Si02 
is brought. 

It needs to remove a resist and a polymer-like 
residue from the surface after the selective 
etching. 

If it does not remove the polymer completely 
before following metal deposition, a polymer will 
be mixed with a sputter metal atom. 

The high resistant substance which affects 
reliability is formed. 

The method of a removal of a polymer, It is 
dependent on the composition of a chemical 
effect of plasma etching, the source of plasma, 
and the deposition film. 

However, in a dry type process, the gas 
containing 02 or H2 has been used for a 
removal of a fluorocarbon polymer. 
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In the wet washing technique, the solvent 
which make an amine a base (US patent 
5,279,771 gazette and US patent 5,308,745 
gazette) is used well. 

The dissolution process based on an oxidation 
chemical effect (that is, 02 plasma, SPM) or 
solvent peeling of wet or a dry type is usually 
contained in a removal of an organic 
photoresist. 

These processes are expensive. 

Moreover about a waste treatment, it is 
harmful in environment. 


[0 0 0 5] 
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[PROBLEM ADDRESSED] 

In the process which finds out the other 
effective cleaning method which removes an 
organic contaminant (a photoresist and residue 
of an etching), use of a chemical effect of ozone 
treatment was examined from Si surface. 

Ozone is widely used by the strong oxidation 
strength in the field of sterilization of a waste 
water treatment or drinking water. 

Furthermore as an advantage of ozone, it is 
mentioned that the residue (H20, C02, 02) 
after a decomposition and/or reaction is 
harmless. 

The oxidation with respect to the organic 
contaminant of ozone is generally considered 
including a two different oxidation path, direct 
oxidation, or indirect oxidation. 

Direct oxidation or an ozonolysis contains 
molecular ozone as a first oxidizing agent. 

It occurs by the carbon-carbon double bond 
first. 

This type of oxidation tends to occur, when 
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drain is in low pH region. 

Indirect oxidation contains the 2nd oxidizing 
agent like a first oxidizing agent (for example 
OH radical). 

Although this type of oxidation has a more high 
reactivity, it is easy to form OH radical rather 
than it is so sharp. 

In the conditions like high pH, high 
temperature, an addition of a promoter (for 
example, H202), and an ultraviolet irradiation, it 
is easy to occur. 

In an actual situation, It becomes objective of 
process that the mixture of the contaminant 
which has the reactivity which differs to ozone in 
many cases. 

However, in order for any oxidation path to 
also occur simultaneously and to advance 
indirect oxidation, the removal efficiency of an 
organic contaminant that it has a high reactivity 
to molecular ozone needs to be sacrificed. 

It is important to confirm the parameter which 
affects both of oxidation paths, by chemical 
effect of an ozone treatment, since to optimise 
the removal efficiency of an organic substance. 


[0 0 0 6] 
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[0006] 

In recent years, ozone was introduced by 
microelectronics industry for the strong 
oxidation strength. 

When ozone dissolves in water, the resolving 
time of self- becomes quick compared with the 
case in a gaseous phase. 

Ozone makes OH radical form as a by- 
product of reaction between autolyses. 

According to G.AIder and R.Hill (J. 
Am.Chem.Soc. 1950, 72 (1984)), it is believed 
that this is that based on decomposition of an 
organic substance. 
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[0007] 

US patent 5,464,480 gazette is showing the 
method of removing an organic substance from 
a semiconductor wafer. 

The aqueous solution containing ozone is 
made to contact a wafer by the 1 to 15 degree C 
temperature range. 

A wafer is put in the tank containing a 
deionised water. 

And sufficient time to remove an organic 
substance from a wafer and ozone are made to 
diffuse in the deionised water less than a room 
temperature. 

The temperature of deionised water is 
maintained between 1 degree C and 15 degree 
C during that. 

Next, it is deionised water and a wafer is 
rinsed. 

The reason which maintains the temperature 
of a solution between 1 degree C and 15 
degree C, Since to oxidize and to make all the 
organic substances on a wafer into an insoluble 
gas, sufficiently high concentration ozone needs 
to be made to be present in water. 


[0 0 0 8] 
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[0008] 

Europe patent application EP-A-0548596 
number is showing the spray tool process which 
sprays the gas containing various liquid 
chemicals, a ultrapure water, or ozone, and the 
mixed phase fluid which consists of a ultrapure 
water, on a semiconductor substrate or a 
semiconductor wafer by the process chamber 
which filled the ozone gas, in the washing 
process. 

Since to make the thin film of a process liquid 
always new and to accelerate a removal of 
substance which is not preferable by centrifugal 
force, rotating is necessary. 


[0 0 0 9] [0009] 

#B4$9r&5,l 8 1,9 8 5f US patent 5,181,985 gazette is showing the 
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surface treatment process of the semiconductor 
wafer using a chemical with a wet method. 

According to it, the water phase containing 
the activity chemically substance with liquid one 
or more reacts on the wafer surface in the state 
of the liquid minutely isolates like fog. 

The process, the process which sprays fog- 
like water on the wafer surface. 
And, the process which introduces the activity 
chemically substance of a gaseous state so that 
it may connect with fog-like water, since to 
cause an interaction with a gaseous phase and 
a liquid phase on the semiconductor wafer 
surface. It consists of an above. 

An activity chemically substance is chosen 
out of the group which consists of ammonia, the 
hydrogen chloride, the hydrogen fluoride, 
ozone, oxygen which it ozonized, chlorine and 
the bromine of a gaseous state. 
The temperature of 10 degree C to 90 degree C 
water is introduced by the type. 
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[0010] 

US patent 5,503,708 gazette is showing the 
method and the apparatus which remove an 
organic film. 

That is, the mixture of gas containing an alcohol 
and the one of an ozone gas or an ozone 
containing gas is introduced to an above 
processing chamber interior until it puts a 
semiconductor wafer on a processing chamber 
interior at least. 

The organic film and the mixture of gas which 
were formed on the surface of a semiconductor 
wafer react. 

[0011] 

Unexamined Japanese patent No. 61-004232 
gazette is showing the cleaning method of a 
semiconductor substrate. 
The method was developed in the PRIOR ART 
as a thing is replaced with traditional acid- 
hydrogen peroxide washing used for a 
reduction of heavy metal on a silicon wafer. 
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A semiconductor substrate is immersed to the 
deep solution of organic acids, such as the 
formic acid, acetic acid, etc. which were filled by 
the washing tank, and it is supplied from the 
bottom of a tank so that ozone or oxygen may 
stir a solution. 

An above-mentioned solution is heated so 
that temperature may become 100 to 150 
degree C. 

Organic waste oxidizes by ozone, and it is 
made to dissolve and it removes it. 

In other words, the publication of this Japan is 
showing the method of making the form of a 
formic acid metal compound or an acetic acid 
metal compound, and removing heavy metal, 
and the method of removing organic waste from 
a semiconductor wafer by ozone. 
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[0012] 

This invention aims at proposing a method 
having improved for removing an organic 
pollution substance from a semiconductor 
semiconductor substrate. 

Furthermore, this invention aims detailed at 
proposing the method of removing organic 
contaminants, such as the photoresist, the 
resist residue, the dry etching residue, etc. 
which occur in all the processes based on 
semiconductor substrate preparation, from the 
semiconductor substrate surface. 


[0 0 13] 
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[SOLUTION OF THE INVENTION] 

. The first form of this invention, the process 
which holds a semiconductor substrate in a 
tank, the process with which the gaseous 
mixture which consists of the additive which 
works as water vapour, ozone, and a scavenger 
is filled on an above tank. It consists of an 
above. 

Since to remove washing or an organic 
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contaminant, the word "tank" used in this 
invention and the related objective of a patent 
application means all kinds of the implement or 
the reaction container holding a substance. 

Therefore, the implement and the reaction 
containers which are known conventionally, 
such as a wet bench (wet benches), a vessel 
(vessels), the spray processor (spray 
processors), a spinning tool (spinning tools), a 
single tank (single tank), and a single wafer 
cleaning tool (single wafer cleaning tools), are 
contained in the word "tank". 

The 2nd form of this invention, the process 
which holds a semiconductor substrate in a 
tank. 

And, the process with which the liquid which 
consists of water, ozone, and the additive which 
works as scavenger is filled on an above tank. 

And, the process which maintains an above 
liquid to the temperature less than the boiling 
point It consists of an above. 

The third form of this invention, the process 
which holds a semiconductor substrate in a 
tank. 

And, the process with which the liquid which 
consists of water, ozone, and the additive which 
works as scavenger is filled on an above tank. It 
consists of an above and the ratio in the above 
liquid of an above additive is 1 molweight% or 
less of an above liquid. 


[0014] 

Since to prevent the effect by the mixture or the 
other component of a type which is not 
preferable, a scavenger means the substance 
added to all type, such as a mixture or a liquid, 
a gas, and a solution. 

As for an above addition agent, working as a 
scavenger of OH radical is preferable. 

A radical is non-charge species (that is, they 
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are 1 atom, two atoms, or a polyatomic 
molecule). 

At least, it has one unpaired electron. 

As an example of a scavenger, a carboxylic 
acid, phosphoric acid or their salts, such as 
acetic acid (CH3COOH), acetate (CH3COO-), 
carbonate (HxC03-(2-x), and a phosphate 
(H3P04-(3-x), are mentioned. 


[0015] 

In the third form of this invention, the mixture of 
ozone and the distilled water which have the 
capability which oxidizes a silicone is used. 

A third form is related with the process which 
the following followed, about the efficient 
cleaning method on the surface of a silicone. 

Process 1 : Grow up an oxide into the silicone 
surface. 

Process 2: Remove an oxide. 

Process 3: When the hydrophobicity-surface 
is preferable, grow up a thin insulated oxide 
layer (depending on necessity). 

Process 4: Dry a silicon wafer. 


[0016] 

The continuous process different from the 
following above can also be used. 

Process 1 : Perform the growth of the oxide on 
the surface of a silicone using the fluid (liquid or 
gas) mixture of ozone and water with the 
capability which oxidizes a silicone. 

A fluid may also contain the additive further 
like a scavenger. 

Process 2: Remove an oxide in the diluted 
hydrofluoric acid cleaner which does not contain 
or contain hydrochloric acid etc. 

Process 3: When the hydrophobicity-surface 
is preferable, grow up a thin insulated oxide film 
in the mixture like the mixture of the diluted 
hydrochloric acid and ozone which it ozonized 
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(depending on necessity). 
Process 4: Dry a silicon wafer by drying of a 
malagoni type or the drying accompanied by a 
heating of a silicon wafer. 

This continuous process can be performed 
using all reaction container and tanks, such as a 
wet bench, a single tank, the spray processor, 
and a single wafer-cleaning tool. 


[0017] 

This invention can be used in production of the 
silicon wafer for integrated circuits. 

Moreover, this invention, In the related field 
like production of a flat surface display and a 
solar battery, Or in application of a micro 
machining, Or also in the other field with the 
necessity of removing an organic pollution 
substance, it can use from the semiconductor 
substrate surface. 


[0 0 18] 
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[Embodiment] 

The objective of the invention is related with the 
method of removing an organic contaminant 
from the semiconductor substrate surface. 

The above method, It can use for removing a 
photoresist and the organic residue after an 
etching from the silicone surface. 

An above organic contaminant is a 
constrained layer which covers the at least one 
part of an above semiconductor substrate. 

The range of the thickness of the layer by 
which the above constraint was carried out is 1 
urn from less than a unimolecular layer. 

The above method is applicable to a gaseous 


01/11/27 


23/65 


(C) DERWENT 


JP11-219926-A 


DERWENT 


THOMSON SCIENTIFIC 


K*3V^\ ^*g:/p1r 

[0 0 19] 

p -ir * fcv 

£L<{2 % g^T'fe 
<5 0 


phase or a liquid phase process. 

In the following explanation, the first 
preferable embodiment of this invention which 
make a gaseous phase process objective, and 
the 2nd preferable embodiment of this invention 
which make a liquid phase process objective 
are shown. 


[0019] 

<The first preferable embodiment which make a 
gaseous phase process objective> In a 
gaseous phase process, a semiconductor 
substrate is put in a tank so that it may contact 
with the gaseous mixture containing the additive 
which works as water vapour, ozone, and a 
scavenger. 

Since to remove the influence by the other 
component which is not preferable, a scavenger 
is a substance added to a mixture. 

A scavenger mainly works as an OH radical 
scavenger. 

An additive is a carboxylic acid, phosphoric 
acid, or an its salt. 
More preferably, an additive is acetic acid. 
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[0020] 

Preferably, the ratio of the additive in a gaseous 
mixture is 10 molweight% or less of a gaseous 
mixture. 

The ratio of the additive in a gaseous mixture 
is 1 molweight% or less of a gaseous mixture 
more preferable. 

Furthermore the ratio of the additive in a 
gaseous mixture is 0.5 molweight% or less of a 
gaseous mixture more preferable. 

Furthermore the ratio of the additive in a 
gaseous mixture is 0.1 molweight% or less of a 
gaseous mixture more preferable. 
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A gaseous mixture may also contain oxygen, 
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nitrogen, argon, or all the other inert gas. 

The ozone concentration of a gaseous 
mixture is mainly 10-15molweight% or less. 

Water vapour is mainly saturated with the 
service temperature of a mixture. 

The service temperature of a mixture is 150 
degree C or less. 

It is preferable that it is higher than the 
temperature of a semiconductor substrate. 
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[0022] 

Moreover it may also contain the process which 
rinses a semiconductor substrate with a 
solution. 

As for the solution used for a rinse, consisting 
of deionised water is preferable. 

The solution used for a rinse may consist of 
hydrochloric acid, and/or a hydrofluoric acid, 
and/or nitric acid, carbon dioxide, and/or ozone 
further. 

Moreover, the megason ultrasonic wave stir 
of the solution used for a rinse may be carried 
out. 

[0023] 

Preferably, in this embodiment, the process with 
which the liquid which becomes a tank from 
water and an above additive at least is filled is 
contained. Liquid level of a tank is carried out 
below a semiconductor substrate. 
It heats the liquid. 

And, a tank is filled with the saturated steam 
containing an additive. 

A tank is further filled with ozone. 

Preferably, ozone passes through a liquid and 
bubbling is carried out. 

Liquid is heated between 16 to 99 degree C 
preferably, more preferably between 20 degree 
C and 90 degree C. 

Furthermore, more preferably it heated 
between 60 degree C and 80 degree C. 


[0024] 

In the apparatus composition displayed as the 
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moist ozone gaseous phase process, it is 
preferable to use the quartz container which 
filled only a small amount of sufficient liquids to 
immerse an ozone diffuser completely. 

A liquid is the deionised water which added 
the additive like acetic acid. 

The liquid is put on a quartz container. 

The liquid is heated 80 degree C. 

A wafer is put so that it may not immerse on a 
direct liquid boundary surface. 
An ozone diffuser is assembled from a fused 
silica. 

An ozonizer (solvius) is operated, passing 
oxygen so that the amount of ozone may 
become the maximum. 

Desirably, as for an oxygen flow rate, 31. /min 
is used. 

Direct bubbling of ozone is much carried out 
in a liquid during experiment (a bubble is not 
reduced). 

In a sealing container, liquid is heated. 

By passing through a liquid and carrying out 
bubbling of ozone continuously, a wafer is 
exposed in ozone which is present in 
surroundings moisten. 

In experiment of a gaseous phase, a working 
temperature is 80 degree C and a deionised 
water make acidic with acetic acid (1/100 
volume ratio). 

Wafer is processed sufficiently long time. The 
process rinsed after a moist gaseous phase 
process is performed. 

In experiment, a wafer is treated for 10 
minutes, and it receives a rinse by the deionised 
water continuously for 10 minutes. 


[0 0 2 5] 

(pHl£TF\ £?£L<fil 6 
Mft&Srl 0 OtetdjjlfcS) X 
iiffiWt&mULitm&fr (pH 
1. 5J^T. #£L<fil 6M 
«8Sfc£l 0 0ffl?iq$«)5) £^ 


[0025] 

Moreover, distilled water to which acetic acid 
was added (it is pH 1 or less preferably, 16M 
acetic acid is diluted 100 times) 

Or distilled water which added nitric acid (it is 
1.5 or less pH preferably, 16M nitric acid is 
diluted 100 times) 

Bubbling of ozone may be carried out from 
the ozone diffuser which all immersed in the 
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stood quartz container containing an above. 

A liquid is put on a quartz container. 

A wafer is put on the liquid and ozone with 
which surroundings became wet exposes it 10 
minutes at 50 degree C or 80 degree C. 


[0026] 

Furthermore, continuous 80 degree C, for 10- 
minute moist ozone gaseous phase process. 

And, the 10-minute washing process 
containing the combination with an acid 
cleaning process (90 degree C using the 
hydrogen peroxide solution containing 5% 
sulfuric acid and 10 minutes) may be 
performed. 

[0027] 

<The 2nd preferable embodiment which make a 
liquid phase process objective> In a liquid 
phase process, a semiconductor substrate is 
put in a tank so that it may contact with the 
liquid which consists of the mixture of water, 
ozone, and the addition agent which works as 
scavenger. 

Since to remove the influence by the other 
component which is not preferable, a scavenger 
is a substance added to a mixture. 

A scavenger mainly works as a scavenger of 
OH radical. 
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[0028] 

Addition agents are a carboxylic 
phosphoric acid, or their salts. 

Preferably, it is acetic acid. 

The ratio of the additive in a liquid 
1molweight% or less of a liquid. 

Preferably, the ratio of the additive in a liquid 
is 0.5molweight% or less of a liquid. 

More preferably, the ratio of the additive in a 
liquid is 0.1molweight% or less of a liquid. 

The megason ultrasonic wave stir of the liquid 
is carried out further. 
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[0029] 

Preferably, the process which maintains a liquid 
to the temperature less than the boiling point 
further is contained. 

As for the temperature of a liquid, it is 
preferable that it is 100 degree C or less. 

More preferably, it is between 16 to 99 degree 

C. 

More preferably, it is between 20 degree C 
and 90 degree C. 

More preferably, it is for 60 degree C and 80 
degree C. 

[0030] 

Ozone passes through a liquid and it is 
preferable that bubbling is carried out so that 
the bubble of ozone may contact to a 
semiconductor substrate. 


[0031] 

More preferably, the process which rinses a 
semiconductor substrate with a solution is 
contained further. 

As for the solution used for a rinse, consisting 
of deionised water is preferable. 

As for the solution used for a rinse, it is more 
preferable that hydrochloric acid, and/or a 
hydrofluoric acid, and/or nitric acid, and/or 
carbon dioxide, and/or ozone are contained 
further. 

The megason ultrasonic wave stir of the 
solution used for a rinse is carried out. 

[0032] 

Preferably in this embodiment, the following 
apparatus compositions are used. 

The ozone apparatus composition 
(immersion type) displayed as a bubble test 
consists of the quartz container containing a 71. 
liquid, and the ozone diffuser situated at the 
bottom of a tank. 
The liquid is heated. 
A working temperature is 45 degree C. 


01/11/27 


28/65 


(C) DERWENT 


JP11-219926-A 


DERWENT 
*" 

THOMSON SCIENTIFIC 


£L<f±, 3 l/min©ii 
©^l- (^'>-f<5^i:fr<) 

[0 0 3 3] 

7 1 (D^^^Tkl^P^l, 
S^M^O^fb 11, 5m o 
1/1 (0, 0.1ml (0.4 6 
mmo 1 / 1 ) N 1.0ml (2. 
3mo 1 / 1 ), W5.0m 1 
(1 1 . 5 mm o 1 / 1 )) (Dffi 

[0 0 3 4] 

tf zk £ ? :x^— (omffi t 

£ LTI3\ F. S. I „ S EM 
I TOOL^LTSTEAG^ 

1 


An ozone diffuser is processed from a fused 
silica, and an oxygen flow rate is adjusted so 
that an ozonizer (solvius) may make the amount 
of ozone the maximum in a gas flow. 

Most preferably, the oxygen flow rate of 31. 
/min is used. 

Bubbling (it does not reduce) of ozone is 
much carried out in a direct quartz tank during 
experiment. 

A semiconductor substrate is directly put on 
an ozone diffuser, and is immersed in a liquid. 


[0033] 

The bubble of oxygen/ozone contacts on the 
surface. 

In a bubble apparatus, a semiconductor 
substrate changes acetic acid concentration 
and receives an ozone treatment. 

In addition to a 71. deionised water, a 
semiconductor substrate receives ozone 
washing with the liquid into which acetic acid 
concentration was changed in 0 to 11, and 5 
mol/l (0, 0.1 ml (0.46 mmol/l), 1.0 ml (2.3 mol/l), 
and 5.0 ml (11.5 mmol/l)). 


[0034] 

Since to, make contact mutually a scavenger, 
water containing the activity chemically 
substance of a gaseous state, and the surface 
of a semiconductor wafer more preferably, the 
conventional reaction container can be used. 

As an example of such a reaction container, 
the thing is sold by the firm of F.S.I, SEMITOOL, 
and STEAG etc. can be used. 

When using such a reaction container, 1 
piece or a multiple semiconductor wafer is 
inserted in a fixed position. 

And, supply and they of water, water 
separated minutely, and/or the activity 
chemically substance of a gaseous state can 
control effecting uniformly on the wafer surface. 
Water formed in the process is removed after 
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collecting. 

A wafer 
process. 

The wafer next 
necessity is inserted. 


can be easily taken out after a 


treated depending on 


[0035] 

Means to make a wafer oscillate by rotation etc. 
in a position can also be provided. 

The reaction container produced by being 
similar or being based by the spray processor 
furthermore the conventional wet bench, the 
spray etching, or the spray washing container 
etc. can be used. 

Instead of means for introducing various 
solutions, means for supplying various gases 
and various water is used suitably. 

It is also basically possible to use the mixed 
system equipped with means to introduce a gas 
and a liquid. 

It is also possible to spray water in the 
reaction container using the nozzle apparatus 
which is uniform and can spray fog like aerosol 
inside a container. 

Fog consists of the droplet dispersed 
minutely. 

The reaction container is filled with the gas 
atmosphere containing ozone. 

It is also possible to spray a process liquid to 
the substance which is rotated in the reaction 
container and which is not preferable on a 
semiconductor substrate. 


[0036] 

As the process liquid used for this embodiment, 
for example, a liquid chemical substance, the 
ultrapure water containing a scavenger, and the 
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mixed phase liquid of an ozone containing gas 
and a ultrapure water are mentioned. 

[0037] 

The sealing processing container which 
equipped the inside with the semiconductor 
substrate holder which fixes several 
semiconductor substrates as an apparatus for a 
semiconductor substrate process is mentioned. 
A semiconductor substrate holder is connected 
by the processing container which connected 
the turntable connected with the rotation shaft 
or the rotation shaft. 

And it has the nozzle which supplies the 
mixed phase fluid which consists of the nozzle 
or the ozone containing gas which supplies 
ozone containing gas or a process liquid, and a 
process liquid. 


[0038] 

More specifically, various liquid chemical 
substances, a ultrapure water and a scavenger, 
or the mixed phase fluid containing an ozone 
containing gas, a ultrapure water, and a 
scavenger are sprayed on the substance which 
is not preferable on the semiconductor 
substrate in a processing container. 
Here, the mixed phase fluid which consists of 
ozone containing gas or ozone containing gas, 
and ultrapure water is supplied to a processing 
container. 

It is adjusting so that there may be no 
predetermined concentration and ozone 
concentration may be kept high concentration. 
And when spraying, the thin film of the process 
liquid on a semiconductor substrate is always 
updated with a centrifugal force by rotating the 
semiconductor substrate to which the 
substance which is not preferable is present in 
the surface. 

A removal of the substance which is not 
preferable is accelerated. 

It will be large ineffective when rotating a 
semiconductor substrate at high speed. 

Because, since the thickness of the film of the 
ultrapure water on a semiconductor substrate is 
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[Example] 

This invention can be used also for application 
which describes below the method shown by 
the two preferable form of this invention. 

Application 1 :VIA washing> The method of 
this invention can be used for after plasma 
etching process, in particular the wafer washing 
technique of a submicron process. 

The dry etching of a silicone and its 
compound is based on reaction with fluorine. 

The contamination by the fluorocarbon 
polymer is brought as a result. 

A fluorocarbon residue is formed when a 
semiconductor (silicone) semiconductor 
substrate receives a dry oxide etching. 

In the oxide etching using the conventional 
fluorocarbon gas, since to make a vertical side 
wall profile, and since to raise the etching 
selectivity with respect to a photoresist mask 
and a sublayer film, a polymer is made to form 
intentionally. 

The etching selectivity in a Si02-Si type 
passes through formation of the polymer which 
make a fluorocarbon a base, and is attained 
under specific conditions. 
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[0040] 

As for polymerisation reaction, occurring on Si 
is preferable. 

While a protective layer is formed by doing 
so, the etching selectivity between Si and Si02 
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is attained. 

It must remove the residue of the form of a 
resist and a polymer from the surface after the 
selective etching. 

When not removing a polymer completely 
before a metal laminate next, a polymer will be 
mixed with the metal atom by which the sputter 
was carried out. 

A high resistant substance forms. 

The problem which affects reliability is 
caused. 

The method of a polymer removal is based on 
the composition of the chemical method of 
plasma etching, the source of a plasma, and 
laminated film. 

However, the gas containing oxygen or 
hydrogen is used for a removal of a 
fluorocarbon polymer in a dry type process. 

In a wet cleaning method, the solvent which 
make the amine the base of a description is well 
used for US patent 5279771 gazette and US 
patent 5308745 gazette. 

These processes are expensive in general. 

And it is harmful to the environment about the 
waste treatment. 
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[0041] 

Figure 1 and Figure 2 show different VIA test 
structure prepared on the p-type wafer. 

The first structure consists of a 500 nm oxide 
layer, 30/80 nm Ti / TiN layer, 700 nm AlSiCu 
layer, Ti/20/60 nm TiN, a 250 nm oxide, 400 nm 
SOG, and a 500 nm oxide (start from a silicon 
semiconductor substrate). 

The 2nd structure consists of the layer of the 
following 500 nm oxides, Ti/30/80 nm TiN, 700 
nm AlSiCu, Ti/20/60 nm TiN, and a 500 nm 
oxide (start from silicon semiconductor 
substrate). 

Then, these structure are coated by I line resist. 

It is exposed through the mask set equipped 
with the contact hole of diameter 0.4-0.8 pm. 

VIA structure is etched in CF4 / CHF3 


01/11/27 


33/65 


(C) DERWENT 


JP11-219926-A 


DERWENT 
*— 

THOMSON SCIENTIFIC 


Ti/Ti NM5 0 0 nm© 

10.4^f)0.8 /z m<£>=i >^ 

r>£^LT^)fe£tl,5 0 V I A 
flfitli, CF4/CHF3/7X 
-r <£(-^ y^^ftS,, 
^-<DtU]©Igi LT, V I 
Aflligfi 5 0 0 n mMim/4 
00nmSOG/250n mg§ 

T i T i N/A 1 S©±-CJh* 
5o fSS2(DJMt tt, V I A 
flligfi 5 0 0 n mitfb^/i £i§ 
U T i T i N/A 1 Jf ©tp*-? 
^y^^^^tLSo it, 

[0 0 4 2] 

it. m3iZ7jK£tiz> 0 wmxs 
it, x-yr^&mmz&m'rziz. 

&foit^$i®!£<D±\zmfrH 

fi> &3?dfEl; 3 1 /m i n "Cjft 

y ^ * y ^ © 41 (c 


plasma. 

As a process of the beginning of a wafer, VIA 
structure passes through 500 nm oxide / 400 
nm SOG / 250 nm oxide, is etched, and stops 
on TiTiN / Al layer. 

As a 2nd process, VIA structure passes through 
500 nm oxide layer. 

It etches in TiTiN / Al layer. 

The direct ozone washing of the wafer is 
carried out (leaving the polymer of the side wall 
on a resist layer and a wafer). 


[0042] 

The apparatus composition used for this 
application is shown in Figure 3. 

The quartz container filled only with the liquid 
of sufficient quantity to immerse ozone diffuser 
is used for the apparatus displayed as a moist 
ozone gaseous phase process. 

A liquid is the deionised water added, for 
example, in the additive like acetic acid. 
A liquid is put on a quartz container. 
The liquid is heated 80 degree C. 
A wafer is put on a direct liquid boundary 
surface so that it may not immerse. 

An ozone diffuser is processed from a fused 
silica and a solvius generator is operated by the 
oxygen flow rate of 3l./min. 

Direct bubbling of ozone is carried out in a 
quartz tank during experiment (not to reduce 
bubble). 

Heat the liquid in a sealing container, 
furthermore by carrying out bubbling of ozone 
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continuously, a wafer is exposed in moisten 
ozone of surroundings. 

In the experiment by the gaseous phase, a 
working temperature is 80 degree C and a 
deionised water is made acidic with acetic acid 
(1/100 volume ratio). 

In all, a wafer is treated for 10 minutes, and it 
is continuously rinsed in deionised water for 10 
minutes. 


[0043] 

The washing efficiency is evaluated based on 
SEM observation (on 0.6um VIA structure). 
For comparison 45 minute oxygen plasma 
processing of the wafer is carried out and a dry 
type removal is carried out (the polymer of the 
side wall on a wafer is removed). 
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[0044] 

Figure 4 shows SEM photograph of VIA 
structure (Figure 1) before a washing process 
(that is, condition that the resist has also 
remained also as for the polymer of a side wall). 

Figure 5 shows SEM photograph when 
carrying out the dry strip (dry strip) of the VIA 
structure of Figure 1 with 45 minute oxygen. 

SEM photograph after exposing the structure 
of Figure 1 and Figure 2 in the moisten ozone 
gaseous phase process which adds 10 minute 
acetic acid and was optimised is respectively 
shown in Figure 6 and Figure 7. 


[0045] 

It finds that the polymer of a side wall is still 
visible clearly after the dry strip process by 45- 
minute oxygen. 

However, the wonderful washing efficiency 
observed about the gaseous phase process 
(Figure 6 and 7). 

In the gaseous phase process, not only the 
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polymer of the side wall after an etching but 
resist coating was not observed in the surface. 

The moist ozone gaseous phase process by 
acetic acid addition, It was shown that it is 
effective in removing a resist layer and the 
polymer residue of a side wall from VIA etching 
structure. 

This is because that a removal efficiency by 
ozone with respect to an organic contaminant, it 
was accelerated physically and chemically. 


[0046] 

Application 2:resist removal> As mentioned 
above, the chemical additive like acetic acid 
affects the removal efficiency of an organic 
contaminant by chemical effect of an ozone 
treatment. 

Various deionised water mixtures by which 
the ozone treatment was carried out expose the 
wafer by which the coat was carried out in the 
resist layer for this objective. 

Resist removal efficiency is evaluated. 

The coat of the wafer is carried out by the 
positive (IX made from JSR electronSOO el), and 
the negative (UVNF made from Shipley) resist. 

Since to harden a resist before use, the wafer 
covered by the resist performs the baking 
process by DUV. 

It has the positive resist. 

The wafer (5e13at/cm2P) by which the ion 
implantation was carried out is treated. 

Thickness of a resist is monitored by the 
ellipsometry before and after a process. 


[0047] 

The apparatus composition (immersion type) for 
a comparison of ozone which is displayed as a 
bubble test and used for another special 
application is shown in Figure 8. 
It consists of the quartz container into which a 
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71. liquid is put, and the ozone diffuser situated 
at the bottom of a tank. 
Liquid is heated. 

A working temperature is 45 degree C. 

An ozone diffuser is processed from a fused 
silica and a solvius generator is operated by the 
oxygen flow rate of 31. /min. 

Direct bubbling of ozone is much carried out 
in a quartz tank (not to reduce bubble) during a 
process. 

A wafer is directly put on an ozone diffuser 
and is immersed in a liquid. 

It is made such and the bubble of 
oxygen/ozone contacts with the surface. 

A wafer receives an ozone treatment in a 
bubble setup shown in Figure 7, changing 
acetic acid concentration. 

The ozone washing of the wafer by which the 
ion implantation is not carried out is carried out 
using the liquid which added acetic acid of the 
following quantity to 71. of deionised waters, 0, 
0.1 ml (0.46 mmol/l), 1.0 ml (2.3 mmol/l), and 
5.0ml(11.5mmol/l). 

The ozone washing of the wafer by which the 
ion implantation was carried out is carried out 
using the liquid of either 0 or 11.5 mmol/l. 


[0048] 

In the case of the resist by which the ion 
implantation was carried out, a removal 
efficiency carries out an increase about 50% (60 
nm/min: 90 nm/min) by adding acetic acid of the 
decided quantity. 

The result of the resist by which the ion 
implantation was carried out is shown in Figure 
9. 

It defines the number of efficiencies of a 
process as follows. 

That is, it is the resist removal efficiency 
standardized to ozone concentration. 

It is shown at the removal velocity per unit 
processing time. 
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The number of process efficiencies which it 
defined as mentioned above is 1.2 
nm/(min*ppm) from 0.8 at a negative resist. In a 
positive resist, it is to 8.5 nm/(min*ppm) from 
4.5. 

In spite of the order of the difference of 
strength of a removal of a positive and a 
negative resist, entire tendency is the same. 

The clear effect with respect to a process 
efficiency number appears, when adding acetic 
acid. 


[0049] 

Application 3:resist removal> It was based in 
the above and the design of experiment was 
applied. 

The examined effect is resist removal 
efficiency when using a chemical additive by the 
substance which carried out the ozone 
treatment. 

The positive and the negative resist which 
were printed were used for the test. 
It displays as a bubble test. 

The apparatus composition (immersion type) 
for a comparison of ozone shown in Figure 8 
was used. 

Since to clarify more influence of each 
variable in evaluation, the bubble of direct 
ozone was not made to contact a wafer. 

This low utility (a bubble or a gas does not 
contact) of ozone is reflected in low removal 
velocity and a low process efficiency compared 
with application 2. 

The considered variables are temperature or 
not only pH of a solution but acetic acid, a 
hydrogen peroxide, and ozone (oxygen flow 
rate is changed) concentration. 

Since to investigate whether it is that which 
the effect of acetic acid is based on pH, the 
influence of pH (it was made by adding nitric 
acid, change to 2 to 5) was added to study. 

It is known that a hydrogen peroxide will 
generate OH radicaland it added. 

An additional amount is 0, 0.1, or 0.2 ml 
(made by U.K. Ash land, 30%). 

The additional amount of acetic acid (the 
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object for the reagents made from Beker, 99%) 
is 0, 0.5, or 1 ml at 71. of deionised waters. 

Temperature was changed in 40 degree C 
from 21, and ozone concentration was 
controlled by the oxygen flow rate which passes 
through a generator. 

A low flow rate is 3l./min. A high flow rate is 
5l./min. 

Also in any removal of a positive and a 
negative resist, a result is shown at the resist 
removal velocity per unit time. 

Results are indicated to be the set 
experiment conditions to Table 1 . 

RS / discover (Discover) is used for the 
analysis of an experimental result. 

This is performed using a gradual multiple 
regression method based on a least-square 
method and a secondary model. 

This model can explain an experimental 
result with 90% of a deviation. 


[0 0 5 0] 
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[Table 1] 
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ml 

ml 

pH 

flow 

m: 

nm/min 

nm/min 

ppm 

1 

0 

5 

hi 

40 

51.2 

7.36 

18.2 

1 

0.2 

2 

lo 

21 

34.8 

3.11 

54.6 

1 

0.1 

5 

hi 

40 

40.1 

5.97 

17.2 

1 

0 

5 

lo 

21 

36.9 

2.60 

52.6 

0 

0.2 

2 

lo 

40 

19.3. 

0.02 

14.5 

1 

0 

2 

hi 

21 

36.1 

2.73 

44.8 

0 

0.2 

5 

lo 

21 

3.4 

0.39 

14.7 

0.5 

0 

5 

hi 

40 

36.3 

5.91 

17.1 

0 

0.2 

5 

hi 

40 

4.6 

1.32 

5.7 

1 

0.2 

5 

lo 

40 

31.9 

5.98 

17.9 

0 

0 

2 

lo 

21 

33.1 

1.46 

47.6 

0 

0,2 

2 

hi 

21 

26.8 

1.96 

37.9 

0 

0 

5 

hi 

21 

27.0 

2.58 

39.8 

0 

0.1 

2 

hi 

40 

20.7 

2.62 

11.4 

0 

0 

2 

hi 

40 

31,6 

3.34 

15.6 

1 

0.2 

5 

hi 

21 

31.4 

2.85 

44.7 

1 

0.2 

2 

hi 

40 

55.9 

3.78 

15.9 

1 

0 

2 

lo 

40 

41.8 

3.96 

17,7 

0.5 

0.1 

5 

hi 

21 

36.6 

3.26 

42.4 

O.S 

0.2 

5 

lo 

40 

37.0 

2.93 

15.1 

0.5 

0.2 

2 

hi 

40 

47.3 

3.22 

14.4 

0 

0 

5 

lo 

40 

11.9 

1.24 

13.6 

1 

0.1 

2 

lo 

21 

34.4 

1.89 

49.9 


First row (left to right) acetic acid, a hydrogen peroxide, pH, the oxygen flow rate t 
temperature, positive resist removal velocity, negative resist removal velocity, 
average ozone concentration 

[0 0 5 1 ] 
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[0051] 

Only the result of a positive resist is shown in 
Figure 10 and Figure 11. 

However, the statistics of a negative resist 
removal is similar. 

The main effect with respect to all responses 
is shown in Figure 10. 

The greatest clear effect with respect to a 
resist removal is based on a change (0- 715 
microlitres is added) of acetic acid 
concentration. 
It needs to be cautious of hardly carrying out 
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a relationship to pH. 

Moreover, removal velocity of a resist is 
reduced by addition (0 -200 microlitres) of a 
hydrogen peroxide. 

It can be concluded that temperature is not 
much important from this graph. 

However, ozone concentration depends to 
temperature strongly and gives the partial result 
(solubility and a stability are in inverse 
proportion to temperature). 

Then, it defines the number of process 
efficiencies. 

That is, it is the resist removal efficiency 
standardized to ozone concentration. 

It is shown at unit ozone and the removal 
velocity per unit time (that is, nm/(min*ppm)). 

The number of process efficiencies obtained 
as mentioned above changes between 0.2 and 
4 nm (min*ppm) by the positive resist. It 
changes from 0.03 between 0.4 nm/(min*ppm) 
by the negative resist. 

The result of the influence of the some 
parameter with respect to the process efficiency 
number in a removal of a positive resist is 
shown in Figure 11. 

In spite of the order of the difference of a 
positive and strength between negative resist 
removals, entire tendency is the same. 

A raise of an addition of acetic acid, ozone 
concentration, and temperature gives an effect 
clear to the number of process efficiencies. 


[0052] 

Application 4:resist removal> In the further 
study of the method of this invention, the other 
test is described below. 

The big requirement with respect to a 
substance which carried out the ozone 
treatment is removing an organic contaminant 
(the air component of a clean room, a 
photoresist, or polymer of a side wall) quickly 
and completely. 

The parameter which has big influence on 
removal efficiency must be confirmed. 

An acetic acid addition affects a result. 
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However, it clarified also that the other 
parameters, such as ozone concentration and 
temperature, were also important. 

Then, influence of the ozone concentration 
with respect to the removal efficiency of a 
positive resist and a working temperature was 
evaluated experimentally. 
The wafer which coated by the photoresist with 
a thickness of 5 nm is prepared. 

It immersed to the static bath containing 
deionised water. 

(The apparatus composition in Figure 8. 
However during immersions stops bubbling.) 

Ozone concentration was changed from 0-12 
ppm, and temperature was changed between 
20, 45, and 70 degree C. 
It washes in the static condition intentional for 1 
minute (that is, after saturating ozone in 
deionised water, it stops passing a gas). 

The influence of a parameter is investigated. 

The main results are shown in Figure 12. 

The washing efficiency was plotted to ozone 
concentration in the temperature range which 
differs three. 

Since it is short processing time and static 
conditions (use of ozone is limited), a removal is 
about 50%. 

The removal efficiency per ozone 
concentration will improve, when making 
temperature high. 

However, it finds that the total amount of 
removals in the examined time will improve 
when making ozone concentration high. 

However, solubility of ozone is reduced with 
temperature. 

However, a process effect improves with 
temperature. 


[0 0 5 3] 
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[0053] 

The ozone concentration in a solution, oxidation 
strength, and a cleaning effect can be made into 
the maximum depending on physical condition. 

The one process shown by US patent 
5464480 gazette, since to make the solubility of 
ozone increase, temperature is lowered and 
water is treated (refrigerating). 
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The disadvantageous point of this method, 
Since the reactivity reduces and reaction rate is 
slow, it is the point of processing time become 
long. 

As the other possibility of making ozone 
concentration high, it is using a more efficient 
ozonizer, and/or more efficient the ozone 
diffuser which makes a deionised water transfer 
ozone. 

However, it should aim at that all the 
processes the efficiency of was increased make 
ozone concentration the maximum in a working 
temperature from the above-mentioned result. 

This postulate is actually shown in the 
apparatus of Figure 2 and 8. 

Here, the conventional immersion which had 
the bubble contact (at downward surroundings 
and high temperature), and the moisten 
gaseous phase process (at high temperature) 
are shown. 

It mentions the above about both of 
apparatus compositions. 

The wafer (1.2 nm) of a positive resist 
exposes to a (bubble) for 10 minutes, various 
temperature, or at 80 degree C (gaseous 
phase) process exposes it. 

A result is shown in Figure 13. 
The dissolution ozone concentration (bar graph) 
and the washing efficiency (the line graph and 
cross) of bubble experiment are shown. 
About the behavior of bubble experiment, it can 
understand it is regulated by the velocity factor 
in a low-temperature region. 

Moreover in a high-temperature range, it can 
understand being regulated by the solubility of 
ozone. 

Surroundings can be made to relieve regulation 
by the latter by experiment in which make 
ozone moisten present. 

By exposing a wafer in atmosphere moisten, 
a thin condensed layer is formed on a wafer. 

A surrounding ozone gas supplies a lot of 
ozone continuously (the inside of a gas, 
weight % and in a solution, ppm). 
Moreover, a thin condensed layer makes a 
diffusion rate limitation reduce. 
The highly reactive ozone component with a 
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short life span make to arrive at the wafer 
surface. 

A rejection near 100% is brought. 
An important thing is not going well in the 
gaseous phase process which is not moisture. 


[0054] 

Application 5 : First process in a series of 
washing> The other application of this 
invention uses the oxidation strength with 
respect to the silicone of a mixture which 
consists of ozone and distilled water. 

Conventionally, washing of a silicon wafer 
was performed at the process which the 
following followed. 

Process 1: Grow up an oxide into the silicone 
surface. 

Process 2: Remove an oxide. 

Process 3: When the hydrophobicity-surface 
is preferable, grow up a thin insulated oxide 
layer (depending on necessity). 

Process 4: Dry a silicon wafer. 
The detail about such a continuous process, is 
explained at " New Wet Cleaning Strategies for 
obtaining highly Reliable Thin Oxides", 
M. Heyns et al, 

Mat.Res.Soc.Symp.Proc.Vol.31 5, and p.35 
(1993). 

Also in the other publication, according to the 
above continuous processes, high removal 
efficiency is obtained and it is shown that metal 
mixing is a low level. 
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[0055] 

The continuous process different from the 
above shown below can be performed. 

Process 1 : Use the silicone oxidation strength 
of the mixture fluid (a liquid or gas) of ozone and 
water. 

An oxide is grown up into the silicone surface. 
A fluid contains the additive further like a 
scavenger. 

Process 2 : An oxide is removed in 
independent or the diluted hydrofluoric acid 
cleaner containing additives, such as 
hydrochloric acid. 

Process 3: When the hydrophobicity-surface 
is preferable, grow up a thin insulated oxide 
layer in the mixture like the diluted hydrochloric 
acid / ozone mixture, or ozone and the mixture 
of water which it ozonized (depending on 
necessity). 

Process 4: Dry a silicon wafer according to 
the dry process accompanied by drying of a 
malagoni type or a heating of a silicon wafer. 

This continuous process can be performed in 
the reaction container or tanks, such as a wet 
bench, a single tank, and the spray processor, 
or single - wafer-cleaning tool. 
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[0056] 

<The device about the chemical property of 
ozone> Another mechanism about the result 
obtained using this invention which contains 
ozone in aqueous solution considered is 
explained. 

A decomposition of ozone in aqueous solution 
is catalysed by the base. 

It followed Radical (A) or the start (B) ion-wise 
mechanism. 

(A) 03+OH*- — >02-+*H02 

(1) 

H02 >H++*02- 

(2) 
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(2) 


* h O 2 (B) 

+ * O i (3) 

H202 >H02-+02 


03+OH — >H02-+02 


(B) O.+ OH— »HO,-+ ( i2 
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(3) 


H O 
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0 3 +H0 2 -- 


O 
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2 03+H02 >*OH+*02-+02 

2 (5) 


H,0 


2 w 2" 


+ O 
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H + O H + O 


[0057] 

Furthermore, a decomposition of ozone follows 
reaction (6) and (7) on the type of an initiation 
reaction not related. 

Whether it is radical-like whether whose start 
mechanism is ion-like, it is understood at least 
that three ozone molecule per unit hydroxide 
ion decompose. 

03+*02 >*03-+02 

(6) 

03-+H2 0 >*OH+OH+02 

(7) 
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[0058] 

A reaction route (8) is made to decompose 
ozone into OH radical (it to form by reaction (5) 
and (7)) further in addition to an above- 
mentioned ozonolysis path. 

Moreover, a chain reaction is started when a 
reaction product is connected with reaction (2), 
(6), and (7). 

OH+03 >*H02+02 

(8) 
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[0059] 

These decomposition mechanism is models 
good to explanation for exhausting of ozone in a 
neutral or basic aqueous environment. 

However, in an acidic case, the 
decomposition velocity of ozone which 
observes becomes quicker than the thing 
forecast from hydroxide concentration, in 
reaction (1-4). 

Therefore, another decomposition 
mechanism is necessary. 

This start mechanism is combined with 
reaction (2) already described, (6), and (7), and 
is shown in a reaction formula (9-11). 

03 >0+02 

(9) 

0+H2 0 >2*OH 
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(10)[0060] 

Reaction (1-10) shows exhaustion of ozone in 
an aqueous environment. 

However, when the compound which oxidizes 
is present, since a situation becomes 
complicated, it shows an entire summary in 
Figure 14. 

Since it is regulated by solubility, when 
performing a purge, the loss of ozone produces 
the movement to the aqueous solution of 
ozone. 

Ozone is consumed by solute M to which 
primary reaction oxidizes. 

[0061] 

The oxidation to the hydrogen peroxide of water 
also occurs in these reaction (equilibrium of 
H202 < — >H02-+H+ arises as a result). 
Since this primary reaction is slow usually, it 
tends to decompose ozone according to 
another reaction route. 

For example, a primary radical (*OH) forms by 
reaction of initiator I (OH, H02-, — ) and ozone. 
It removes it or it reacts with ozone further. 
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Furthermore many radical is formed or it 
concerns in the further oxidation of solute M. 

When examining reaction (1-10) and Figure 
14, the chemical property of ozone is chemically 
controllable (that is, selective addition of an 
additive). 


[0062] 

Influence of the additive with respect to ozone 
obtained from the above-mentioned point, 
Since to reduce the bubble of oxygen/ozone in 
an overflow bath, ozone / water mixture is 
shown by the bath of the overflow prepared by 
the gore (Gore) ozone module (mixer which 
made the film the base material). 

The flow rate (20I. /min) of water of an 
overflow bath, the flow rate (21. /min) of oxygen 
which passes through an ozonizer, and the 
pressure (1 bar) in an ozone module determine 
the possible ozone level in a bath. 

In experiment these variables were indicated 
to be here, regularity is maintained with 
predetermined value. 

The ozone level in deionised water is always 
maintained at saturated condition, before 
adding a chemical. 

All the chemicals used are removing acetic 
acid (99%) for reagents made from Baker. 

It is made from U.K. Ash land. 

Since to reduce the influence of reaction rate, 
all experiment was performed at the room 
temperature. 

The electrochemical-type ozone sensor made 
from Orbisphere-lab MOCA was used for the 
measurement of ozone. 
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As shown in Figure 15, the behavior of acetic 
acid with respect to the ozone concentration in 
the deionised water in the tank made to 
overflow is examined by adding 10 ml (99%) of 
acetic acid to a deionised water after making 
ozone into a saturated level. 

It is begun very quickly to increase an ozone 
level. 


[0064] 

influence of acetic acid with respect to the 
resist removal efficiency of a substance by 
which the ozone treatment was carried out> It 
depends on a presence of OH radical which 
grows the linkage in an ozonolysis for an 
indirect oxidation process (KSehested, 
H. Corfitzen, J. Holcman, J.Phys.Chem., 
1992,96,1005-9). 

According to G. Alder and R.Hill (J. 
Am.Chem.Soc.1950, 72, 1984), OH radicals are 
the causes main to decomposition of an organic 
substance. 

The method usually used for a waste water 
treatment process has an addition of an 
ultraviolet irradiation, pH, or a hydrogen 
peroxide. 

It is made such and OH radical is made to 
form. 


[0065] 

Experiment which differs three was performed. 

That is, first a hydrogen peroxide and the next 
acetic acid and a hydrogen peroxide are added. 
It is experiment which finally adds only acetic 
acid. 


[0066] 

The influence of the removal efficiency on the 
positive resist from a silicon wafer at the time of 
adding a hydrogen peroxide to the deionised 
water which carried out the ozone treatment 
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was shown in Table 2. 

The concentration of the hydrogen peroxide 
added is the order of the actual ozone 
concentration in deionised water. 

When adding 50 ul (made from U.K. Ash 
land, 30%) H202 to 7.5I. tank, (0.08 mmol/l), 
big influence observed. 

Measured resist removal velocity was 
reduced to quarter near. 
Furthermore when adding H202, a resist 
removal efficiency will reduce more. 

At last process becomes impossible 
substantially (removal velocity of 2 nm/min). 

This is a result with the reverse case where it 
is the waste water treatment that the removal 
velocity of an organic contaminant improves, 
when increasing the quantity of OH radical. 

The organic substance which should remove 
in a waste water treatment is dispersed in a 
solution. 

On the other hand, for our objective, the 
organic contaminant needs to be constrained in 
the layer which covers 1 part of a 
semiconductor substrate at least. 

For our objective, an entire quantity of the 
compound brought by useable ozone and 
useable ozone in a solution is not a problem. 
The chemical activity expressed near layer that 
the organic substance close to the wafer 
surface was rather constrained near is 
important. 


[0 0 6 7] 


[0067] 
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[Table 2] 
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w-ppm 

(ml) 

(ml) 

(nm/mtn) 

46.0 

0 

0 

38.4 

37.0 

0.05 

5.5 

11.3 

30.9 

0.05 

0 

9.3 

24.7 

0.1 

0 

7.7 

4,5 

0.5 

0 

2.1 


(left to right) average ozone concentration, added amount of hydrogen peroxides, 
added amount of nitric acid, resist removal velocity 
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[0068] 

Therefore, in this application, the decomposition 
mechanism of ozone catalysed by OH radical is 
controlled by removal of OH radical formed. 
Since to remove the influence by the other 
component which is not preferable, a scavenger 
is a substance added to a mixture or the other 
type. 

Acetic acid or acetate is the stabilizer of an 
aqueous ozone solution. 

The common effect of a repeating addition 
(formation promotion of OH radical) of acetic 
acid and the hydrogen peroxide with respect to 
ozone concentration is shown in Figure 16. 

When the deionised water is stabilised in 
spite of the addition (0.17 mmol/l) in a time t= 0 
only with acetic acid which is 0.23 mmol/l, 
ozone concentration is increased slightly. 

After carrying out the several times addition of 
H202 (respectively 0.17 mmols/l), ozone level 
does not reduce from the level at the time of the 
first start. 

This finds that that acetic acid stops a linkage 
decomposition of ozone started by OH radical 
has a big effect. 
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[0069] 

The experimental result when carrying out a 1 0 
minute resist removal by the deionised water 
which carried out the ozone treatment when a 
small amount of acetic acid was added is shown 
in Table 3. A resist removal is re-calculated as 
processing time 1 0 minutes. 
It is shown at removal velocity (nm/min). 
On the problem of a test equipment, it needs 
to be cautious of the measured ozone 
concentration completely being qualitative 
(there being no reproducibility in the distance of 
an ozone sensor, and oxygen / ozone flow). 

When adding acetic acid of 0.02 mmol/l to 
0.24 mmol/l to the deionised water which 
carried out the ozone treatment, compared with 
the comparison process not to add, a resist 
removal efficiency will improve about 50%. 

While evaluating acetic acid and the common 
effect of a hydrogen peroxide addition for a 
resist removal process, it is shown in Table 4. 
In these tests, deionised water is first added in 
acetic acid of 0.02 mmol/l after ozone saturated. 

The hydrogen peroxide from which 
concentration differs is added and the effect 
with respect to resist removal efficiency is 
evaluated. 

When acetic acid is present and a hydrogen 
peroxide is added, compared with the effect of 
Table 2, it is weak. 
However, resist removal velocity reduces. 
Moreover, the stabilisation effect which adds 
acetic acid and is obtained is stronger than the 
case when making a solution acidic (Table 2 
using nitric acid). 


[*3] 


[Table 3] 
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(ml) 


(nm/ndn) 

w-ppa 


(ml) 


48.0 

0 

0 

38.4 

49.5 

0 

0.1 

47.1 

50.0 

0 

1.1 

51.1 

54. 3 

1 

1.1 

34.2 


(left to right) average ozone concentration, added amount of hydrogen peroxides, 
added amount of acetic acid, resist removal velocity 
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[0071] 
[Table 4] 


w-ppm 

(ml) 

(ml) 

(nm/min) 

49.5 

0 

0..1 

47.1 

45. € 

0.1 

0.1 

21.9 

38.6 

0.2 

0.1 

18.1 

46,0 

1.5 

o.x 

22.3 


(left to right) average ozone concentration, added amount of hydrogen peroxides, 
added amount of acetic acid, resist removal velocity 
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[0072] 

By adding acetic acid, ozone concentration in 
deionised water can be made high. 

However, only the increase in the ozone 
concentration by acetic acid addition cannot 
explain the improvement in resist removal 
efficiency. 

The influence of the acetic acid addition with 
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respect to a resist removal process efficiency 
number is shown in Figure 9. 

However, it is standardized to ozone 
concentration. 

It finds that a process efficiency is increased 
with an acetic acid addition. 

Therefore, it is considered that the unknown 
mechanism is involving. 
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[EFFECT OF THE INVENTION] 

An organic substance is not uniformly dispersed 
in a solution like in the case of waste water 
treatment. It is shut up in the layer on the 
surface of a silicone. 

When considering the short life span of ozone 
(t1/2=20min) currently dissolved and highly 
reactive ozone species The knowledge of 
ozone in waste water treatment is inapplicable 
to our application. 

Since to remove an organic substance 
reliably, sufficient chemical activity (highly 
reactive ozone can be utilized) of the near layer 
the organic substance close to the wafer was 
constrained near is necessary. 

The removal efficiency of the organic 
substance on a silicon wafer is very influenced 
by addition of temperature, ozone 
concentration, and acetic acid. 
The requisite of temperature and ozone 
concentration satisfies the experiment 
conditions of moisten ozone gas phase of 
above-mentioned. 

By exposing a wafer in moisten atmosphere, 
a thin condensed layer is formed on the wafer 
surface. 

A thin condensed layer is passed through and 
ozone is continuously supplied toward the 
organic contaminant on the surface of a silicone 
by surrounding ozone gas phase. 

Moreover, in bubble experiment, ozone 
containing a bubble is always contacting in the 
layer by which the organic contaminant was 
constrained. 
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[0074] 

When removing OH radical with the oxidized 
acetic acid solution, H202 will form by reaction 
shown below. 

OH+CH3COOH >*CH2COOH+H20 

(11) 

CH2COOH+0 2 >*OOCH2COOH 

(12) 

2*OOCH2COOH >0.7H2O2+Products 

(13) There are formaldehyde, a glyoxylic 
acid, glycolic acid, and an organic peroxide in 
the other product formed at reaction (13). 


[0075] 

Reaction on an acetic acid free radical (reaction 
(11)) and the surface of a resist may make to 
react the resist surface with ozone. 

This reaction makes a unsaturated bond form 
including the abstraction reaction of a hydrogen 
atom. 

This unsaturated bond reacts with molecular 
ozone. 

To the 2nd position, a free OH radical is 
removed in the place very near the resist 
surface. 

As a result, by reaction (11-13), H202 forms, 
for example. 

And next time, H202 makes " oxidation 
strength(OH radical) stronger "on the surface of 
a resist which controlled and localized to near 
very form. 
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[m 1 ] [FIGURE 1] 

i^V I A^y^-m '&&^-fWi 11 is the schematic showing deep VIA etch 
mm-VhZ> 0 structure. 
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[FIGURE 2] 

It is the schematic showing VIA structure by 
which Al etching was carried out too much. 

[FIGURE 3] 

It is the figure showing the apparatus 
composition used in a gaseous phase process. 

[FIGURE 4] 

It is SEM photograph in which VIA structure 
before a washing process is shown. 
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[FIGURE 5] 

It is SEM photograph in which VIA structure 
after a 45 minute 02 dry strip is shown. 


[FIGURE 6] 

It is SEM photograph in which deep VIA 
structure of Figure 1 where it exposed 10 
minutes to the method of the preferable 
embodiment of this invention is shown. 


[FIGURE 7] 

It is SEM photograph of VIA structure where Al 
etching of Figure 2 which exposed 10 minutes 
to the method of the preferable embodiment of 
this invention was carried out too much. 

[FIGURE 8] 

It is the figure showing the apparatus 
composition used in a liquid phase process. 

[FIGURE 9] 

It is the graph which shows the relationship of 
the number of a resist removal process of 
in a removal of acetic acid 
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concentration, a positive, and a negative resist. 
[FIGURE 10] 

It is the graph which shows the influence with 
respect to the positive resist removal velocity of 
a main parameter. 


[FIGURE 11] 

It is the graph which shows the influence of the 
number of efficiencies on the positive resist 
removal process of a main parameter. 


[012] [FIGURE 12] 

^^y^T'Mz.isk-j^^^tir It is the graph which shows the relationship of 

y'y^&b is'J* h tne temperature, the ozone concentration and 

<DM%&7Fi' 7=7 7~Qfo%> 0 the resist removal efficiency in a static system. 
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[FIGURE 13] 

It is the graph which shows the relationship of 
the temperature, the ozone concentration and 
the resist removal efficiency in a bubble or a 
moist gaseous phase process. 


[014] [FIGURE 14] 

Xcjoft-S BTfgftJxJS Tne possible reaction formula in aqueous ozone 

it£^i~ 0 is shown. 

[015] [FIGURE 15] 

t-/^7n-^y^;j3|^ It is the graph which shows the influence with 

OHy % suffice) jryy^fe re spect to the ozone concentration of OH 

l^M'f' : b^-W : t^i~^y 7t*fc radical uptake in an overflow tank. 
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[FIGURE 16] 

It is the graph which shows the influence when 
adding a repeating hydrogen peroxide to the 
deionised water which carried out the acetic 
acid addition. 
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[FIGURE 3] 
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[FIGURE 4] 
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[FIGURE 6] 
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[FIGURE 7] 
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(left vertical axis) Standardized negative resist removal velocity 
(right vertical axis) Standardized positive resist removal velocity 
(horizontal axis) added amount of acetic acid 
(in the graph) negative resist, positive resist 

[Ell 0] [FIGURE 10] 
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The increase in positive resist removal velocity 
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[FIGURE 11] 
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The increase in the transformed positive resist removal velocity 
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[FIGURE 12] 
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[FIGURE 13] 
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(left) bubble washing efficiency, (right) moist gaseous phase washing effect 
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[Ell 5] [FIGURE 15] 
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[FIGURE 16] 
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